were included at admission, and 224 patients (mean age, SD: 80.1, 6.32 years) at discharge. At admission, lower muscle strength in both female and male patients and low muscle mass in male patients were associated with being at risk of a higher cumulative number of geriatric conditions. Muscle strength increased during hospitalization, but no change in muscle mass was observed. Changes in muscle measures were not associated with being at risk of geriatric conditions. Discussion: Older patients with lower muscle strength and muscle mass at admission were at risk of a higher cumulative number of geriatric conditions. However, being at risk of geriatric conditions did not forecast further decrease in muscle strength and muscle mass during hospitalization
Introduction
Low muscle strength and muscle mass are highly prevalent in older patients at time of admission [1, 2] and are associated with dependency in activities of daily living (ADL), a longer length of stay, and higher mortality rate after discharge [2, 3] . Muscle strength and muscle mass are predominantly affected by physical inactivity [4, 5] . In healthy older persons, 10 days of enforced bedrest caused a loss of 10% lean leg mass [6, 7] .
During hospitalization, older patients spend most of their time lying in bed [8, 9] . This may affect muscle strength and muscle mass and add to aforementioned adverse outcomes. In support of this hypothesis, a previous study showed that community-dwelling older people, who had been hospitalized during the previous year, had significant lower muscle strength and muscle mass compared to people who had not been admitted [10] . We recently performed a meta-analysis on the change of muscle strength and muscle mass in older patients during hospitalization and found evidence for a decrease in muscle strength and muscle mass in electively admitted patients, whereas no significant change was found in acutely admitted patients [11] . However, the included studies were small and did not identify individual risk factors for a decrease in muscle strength and muscle mass. Due to an impaired physiological reserve, patients at risk of geriatric conditions like delirium, falls, malnutrition, and functional disability might have an even greater risk of physical deterioration compared to patients not at risk [12] [13] [14] [15] .
This study aimed to evaluate muscle strength and muscle mass at admission and during hospitalization in an inception cohort of patients aged 70 years and older, and its association with being at risk of geriatric conditions at admission.
Materials and Methods

Study Design
The Evaluation of Muscle parameters in a Prospective cohort of Older patients at clinical Wards Exploring Relations with bed rest and malnutrition (EMPOWER) study is an observational, prospective, and longitudinal inception cohort study conducted from April until December 2015 at the VU university medical center in Amsterdam, the Netherlands. A total of 838 patients aged 70 years and older who were admitted to the internal medicine, acute admission, trauma, and orthopedic wards were considered eligible for participation in the study. All patients included in the study had to be able and willing to sign informed consent. Patients were excluded when they were nursed in air-pressure isolation rooms, suffering from terminal illness (as stated by their responsible specialist), expected to be discharged within 24 h, or could not be assessed within 48 h after admission.
A total of 378 patients were included in the EMPOWER study ( Fig. 1 ) . The assessment at admission included general characteristics, geriatric risk conditions and measurement of muscle strength and muscle mass. If patients were discharged within 1 day after the first assessment, they were excluded from the inhospital follow-up assessment. In-hospital follow-up was performed 7 days after the first assessment or earlier at the day of discharge in 224 patients (59.3%). The in-hospital follow-up assessment included re-measurement of muscle strength and muscle mass. The main reason for missing follow-up assessments were discharges within 1 day after the first assessment ( n = 72). Seven patients died before a follow-up measurement could be performed. The study was approved by the Medical Ethics Committee of the VU University Medical Center and all included patients signed informed consent.
Clinical Measures
Admission diagnosis, medical history, and medication use were obtained from medical records. Other characteristics were gathered at bedside and included alcohol intake (current use, yes or no), smoking behavior (current use, yes or no), use of walking aid, living situation, 6-item Cognitive Impairment Test (6-CIT, score ranging from 0 to 28) [16] , Numeric Rating Scale for pain (NRS; score ranging from 0 to 10), and Functional Ambulatory Categories (FAC; score ranging from 0 to 5) [17] . Height in cm was estimated using knee height in cm, as proposed by the Longitu- 
Risk of Geriatric Conditions
All patients were screened for risk of 4 geriatric conditions. Risk of delirium was identified by asking for self-perceived memory problems, the need of care in the 24 h prior to admission and delirium during previous hospitalization [18] (score ranging from 0 to 3, at risk for delirium when score is >0). Risk of falls was identified by questioning the patient on fall incidence in previous 6 months [18] (at risk if answered positive). Risk of malnutrition was measured using the Short Nutritional Assessment Questionnaire (SNAQ) [19] (score ranging from 0 to 7, at risk when score is >1). Risk of functional disability was measured using Katz-ADL [20] (score ranging from 0 to 6, at risk when score is >1). Each risk of a geriatric condition was summed resulting in being at risk of a cumulative number of geriatric conditions (score ranging from 0 to 4).
Muscle Measures
Muscle Strength Hand grip strength (HGS), shown to be a good representative of overall muscle strength in community-dwelling older people [21] , was measured twice for each hand, using a Jamar Hydraulic Handheld Dynamometer (Sammons Preston Inc., Bolingbrook, IL, USA) and expressed in kg. Patients were asked to squeeze maximally, encouraged by the assessor. The maximum score of either the left or right side was used for analyses. Patients were in upright position with the elbow flexed 90° and the elbows unsupported. If patients were unable to get out of bed, HGS was measured in semisupine position in an angle of approximately 30° with the elbows unsupported. During the follow-up assessment, patients were positioned in the same way as during the first assessment.
Muscle Mass
Muscle mass was measured using direct segmental multifrequency bioelectrical impedance analysis (DSM-BIA; In-Body S10; Biospace Co., Ltd, Seoul, Korea) [22] and expressed as: (1) (5) relative ALM (ALM/weight in kg × 100) in %. At the time of measurement, patients were in a supine position, with extremities straightened and not touching their core. Patients were asked not to move during the measurement. Exclusion criteria for DSM-BIA measurement were a pacemaker or an implantable cardioverter-defibrillator, plasters or bandages that could not be removed from the positioning place of the electrodes, or amputated arm and/or leg. In 57 patients, DSM-BIA was omitted due to presence of contraindications ( Fig. 1 ).
Statistical Analysis
Descriptive statistics for continuous variables with a normal distribution were presented as mean with standard deviation (SD). Variables with a skewed distribution (non-Gaussian) were presented as median with interquartile range. Categorical variables were presented as numbers with percentage, n (%). Five patients of whom data on one or more of the risk of geriatric conditions were missing, were excluded from analyses. Characteristics of patients included and excluded from or lost to follow-up were compared using independent-samples t test (normal distribution), Mann-Whitney U test (skewed distribution) or χ 2 test (categorical variables). All further analyses were stratified by sex.
Linear regression analyses were used to study the association of HGS and muscle mass with being at risk of geriatric conditions at hospital admission and presented as beta and 95% confidence interval. Analyses were performed unadjusted (crude model) and adjusted for age and number of comorbidities, height (in model of HGS), or weight (in model of relative muscle mass). Two pa- 510 tients were found to deviate more than 3 SD from the mean muscle mass of the cohort and were excluded from the analyses on muscle mass. Changes in HGS and muscle mass during hospitalization were analyzed using paired-samples t tests. Linear regression analyses were used to study the change in HGS and muscle mass associated with being at risk of geriatric conditions. The same adjustments were used as for the cross-sectional analyses, with additional adjustments for HGS and muscle mass at admission and time between measurements (adjusted model 1). All analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, version 22.0; Armonk, NY, IBM Corp). Results at admission were visualized as bar charts with unstandardized predicted means using GraphPad Prism for Windows (version 7.0. GraphPad Software Inc.). p values below 0.05 were considered statistically significant. Table 1 shows the characteristics of the patients included in the study. The mean age (SD) of the patients was 79.6 years (6.38). Sixty percent of the patients were at risk of delirium, 45% were at risk of falls, 35% were at risk of malnutrition, and 41% were at risk of functional disability. Fourteen percent of the patients were not at risk of any geriatric condition, 29 were at risk of one, 24 of two, 25 of three, and 6% were at risk of 4 geriatric conditions. Table 2 shows the association of HGS and muscle mass at admission with being at risk of geriatric conditions. Lower HGS was associated with being at risk of a higher cumulative number of geriatric conditions in both female and male patients. In male patients, lower absolute SMM, absolute ALM, and SMI were associated with being at risk of a higher cumulative number of geriatric conditions. After adjustment for confounders, these results remained statistically significant and an additional association was found in male patients for lower relative SMM. No association was found for relative ALM. The adjusted results are visualized in Figure 2 . Table 3 shows the values for HGS and muscle mass at admission and the change during hospitalization. HGS, absolute ALM, and relative ALM increased significantly during hospitalization in both female and male patients. No statistically significant changes in absolute SMM, SMI, and relative SMM were found. The association of changes in HGS and muscle mass during hospitalization with being at risk of geriatric conditions is shown in Table 4 . A higher increase in relative SMM was associated with being at risk of a higher cumulative number of geriatric conditions in male patients, but statistical significance was lost after adjustment for possible confounders. No other associations of change in HGS and muscle mass with being at risk of geriatric conditions were found.
Results
Discussion
In this inception cohort of hospitalized patients aged 70 years and older, a lower HGS in female and male patients and a lower absolute and relative muscle mass in male patients were associated with being at risk of a higher cumulative number of geriatric conditions at admission. HGS, ALM, and relative ALM increased during hospitalization, but these changes were not associated with the number of geriatric conditions.
Associations of separate geriatric conditions, i.e. delirium, falls, malnutrition, and functional disability, with muscle measures were previously studied in specific populations. Low muscle mass was associated with increased prevalence of delirium in older participants living in nursing homes [12] . Low muscle mass and muscle strength were associated with increased prevalence of falls in the past year in community-dwelling older adults [13] and in older outpatients [23] , and with dependence in ADL and malnourishment in older hospitalized patients [14] . A recent systematic review summarized the negative consequences of sarcopenia, including falls, functional limitations, functional decline, and mortality in various older populations [24] . We recently showed 512 that lower muscle strength was associated with institutionalization, and lower muscle mass was associated with a lower likelihood of survival after hospitalization in older patients [15] . In the present study, we considered the risk of a cumulative number of geriatric conditions as a proxy of vulnerability and showed its association with lower HGS in both female and male patients, and absolute and relative muscle mass at admission in male patients. A recent study in older inpatients showed that low muscle strength and muscle mass at admission leads to an increased risk of incomplete functional recovery during inhospital rehabilitation [25] , likely mediated by the increased vulnerability of these patients. Lower relative SMM at admission was only associated with being at risk of a higher cumulative number of geriatric conditions after adjusting for weight. This illustrates that weight should be taken into account, which is in line with previous research [26, 27] . Relative ALM did not reach significance in our cohort. These findings highlight the importance of measuring muscle strength and muscle mass in clinical practice, because it provides valuable insight into the patients' risk profile. We hypothesized that hospitalization would influence muscle strength and muscle mass negatively in older patients, especially in patients at risk of a higher cumulative number of geriatric risk conditions. However, no measurable negative impact of hospitalization was observed; HGS and absolute and relative ALM even increased during hospitalization in this cohort, and no association with being at risk of geriatric conditions was found. It should be considered that hospitalization was relatively short, and patients were mainly acutely admitted. Moreover, patients who were lost to follow-up, had on average higher HGS, SMM, and ALM. The increase in HGS during hospitalization might be due to an influence of pain, low energy levels, and fatigue at admission [28, 29] and the recovery from it during hospital stay. An increase in absolute and relative ALM was not ex- pected to occur within the timeframe of this study [30] and may be due to change of hydration status (dehydration at admission and fluid resuscitation during hospitalization), which might have been unintentionally measured by the BIA. The aforementioned issue may mask a decrease in muscle mass during hospitalization. These findings are partly in line with our recent systematic review and meta-analysis, showing a trend towards increased HGS and no change in muscle mass in acutely admitted patients during hospitalization [11] . An important next step in future research is to include followup measurements of muscle strength and muscle mass to evaluate the total impact of hospitalization on muscle health.
Sex Differences
Muscle mass at admission was lower in female compared to male patients and was not associated with being at risk of geriatric conditions in females. Opposite to our findings, studies on single geriatric conditions showed an association in both females and males between malnutrition [14] , delirium [12] , and low absolute muscle mass. These studies used sex specific cut-off points for sarcopenia, defined as a combination of low absolute muscle mass and low muscle performance, instead of a continuous measure of muscle mass.
Strengths and Limitations
This is the first study reporting repeatedly measured muscle strength and muscle mass in a large inception cohort of older patients, without major exclusion criteria. Being at risk of geriatric conditions was assessed using tools that were previously validated in older patients [18] [19] [20] . Use of BIA measurements may be hampered by hydration state and change in hydration state over time. There was loss to follow-up during hospitalization, mostly due to frequent short hospital stay or sudden discharge. This may have introduced selection bias in the results; however, we believe that the present inception cohort is typically reflecting the group of older patients at risk for decline in muscle health during hospital stay.
Conclusion
In this large inception cohort of hospitalized patients aged 70 years and older, lower muscle strength at admission was associated with being at risk of a higher cumulative number of geriatric conditions in female and male patients. Lower muscle mass at admission was associated with being at risk of a higher cumulative number of geriatric conditions in male patients only. Muscle strength increased during hospitalization, while no significant change in absolute and relative SMM was observed. No associations of the change in muscle measures with being at risk of geriatric risk conditions were found. This study highlights the importance of measuring muscle parameters in clinical practice. During short-term hospitalization, no effect on muscle was found, but future studies with long-term follow-up are needed to be able to draw conclusions.
